











Constraining the charged Higgs mass in the
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ABSTRACT
In the context of the left{right symmetric model, the decay b ! s receives con-






mixing and also from the Yukawa interactions of the charged and the neutral (avour-
changing) scalars (the latter type of Yukawa interaction has been overlooked in the
previous literature). Following the recent CLEO measurement of the inclusive b! s
process and the measurement of the top-quark mass by the CDF and D0 collabora-














 U(1) left{right symmetric model (LRM) [1] there is
a new scale at which the gauge group breaks to the SU(2)
L

 U(1) Standard Model
(SM). The sensitivity to this scale of low-energy phenomena such as K{

K mixing and
neutrino masses [2] has been a subject of wide interest over the past few years. Of late,
a particularly interesting channel to examine various species of new physics, including
this LRM scenario, has been provided by the inclusive B-decay measurement by the
CLEO collaboration, B(b! s) = (2:32 0:57 0:35) 10
 4
! (1:0  4:2) 10
 4
(at
95% C.L.) [3]. It has already been pointed out ([4]{[8]) that this rare decay has a strong
inuence on restricting the parameter space of the LRM. Recently, Cho and Misiak




mixing on b ! s with an extensive analysis
of QCD corrections which are very important for this process; however, they have
not considered the contributions from the scalar sector. Babu et al. [7] included the
charged scalars in the analysis, but their treatment of QCD corrections is incomplete.
In this paper we attempt to improve upon the previous analyses by
 including all the above contributions coherently in a single analysis,
 incorporating the contribution of the avour-violating neutral scalars, which has
so far been neglected, and
 reexamining the parameter space in the light of the new CLEO measurement of
the b ! s inclusive branching ratio [3] and the recent CDF and D0 measure-
ments of the top-quark mass as m
t









 U(1) gauge model the quarks (q) and the leptons (l)
transform as q
L
(2; 1; 1=3), q
R
(1; 2; 1=3), l
L
(2; 1; 1), and l
R
(1; 2; 1). The scalar sector
consists of the following Higgs elds: 
L
(3; 1; 2), 
R
(1; 3; 2) and (2; 2; 0), of which






























 U(1), while 
L
is





breaking scale. The vevs of  are given by h
0
1










from the excellent agreement between the (V   A) theory and the experimental




is set from the  parameter constraint. The SM




! 0. We neglect any small phase




The value is the weighted average of m
t
= 176 13 GeV (CDF) and m
t
= 199 30 GeV (D0).
1
Introducing tan = k=k
0
, we obtain the physical charged scalars and the second





































































h are 3 3 Hermitian matrices in avour space. The up- and















After a straightforward calculation, the charged and neutral current (which are

























































































are diagonal up- and down-type quark mass matrices, V is the







The contribution of the avour-violating neutral scalars has been overlooked in the
previous literature, which we nd to be signicant for some region of the parameter






mediate avour violation even in the limit
 ! 0. This originates from the fact that the Yukawa interaction mediated by the
bidoublet scalar in LRM does not reproduce the SM scenario in the above limit.












= cos  W

L







=   sin  W

L





The neutral scalar and the pseudoscalar in the rst set are identied with the Higgs and the
longitudinal component of the lighter Z, respectively, whose Yukawa couplings are avour-diagonal.
3









where the mixing angle  is given by






























































































from the dierent sectors
6
are given





































































































































































































































































































-induced contributions which are
suciently damped since m
W
2
is set to 1.6 TeV [10] all along our analysis. However, we have included
it in our numerical code.
7































































































































It should be noted that there is a disagreement of sign between Babu et al.'s [7]
and Asatryan et al.'s [5] calculation of the charged scalar-induced contribution. Our
calculation agrees with the latter.













































(), where  is the QCD renormalization scale;
C corresponds to the leading log QCD corrections in SM [12], and C
0
refers to the extra
contribution from mixing of additional operators in LRM, which has been computed






































































= ( 0:6615; 1:3142; 0:0070; 1:0070): (19)





















































It may be noted that the m
b
5
dependence in the partial decay widths of the b quark






) part in the branching ratio is neglected. We
take B(b! ce) = 0:107.




We have xed m
W
2








= 300 GeV and 800 GeV and
have displayed their eects in Figs. 1 and 2, respectively, for m
t
= 180 GeV. On the
other hand, the chirality-ip of the top quark inside the loop due to the presence of
the right-handed current is responsible for a strong m
t
-dependence of our prediction.
To illustrate this point, we demonstrate in Fig. 3 how a line curve in Fig. 1, say for
 =  10

, becomes a thick band due to the variation of m
t
in the range 168{192 GeV.
The salient features of the relative contributions of the dierent sectors of the LRM
that emerge from the above gures are listed below:




mixing and the charged scalar are very





enhancement factor, which constitutes the potentially largest contribution, mul-
tiplies sin 2. Even a choice of jj  5

can rule out a charged Higgs up to a
mass of several hundred GeV. Evidently, choosing a larger jj pushes it up even
further.













avour-diagonal and hence they contribute to b! s. For the sake of simplicity






to be mass-degenerate. The contribution from this




= 800 GeV) compared to











are in the same direction and roughly of the same
5
order of magnitude. So if one relaxes the condition of their mass degeneracy
and their joint contribution is thought to be of the same order of magnitude
as their individual contributions, the curves should lie somewhere between their
corresponding positions in Fig. 1 and Fig. 2.
3. In the limit of  = 0

, the dominant contribution in the LRM comes from the
new operator-mixing eect, represented by C
0
, and also from the avour-violating
neutral scalar sector (when those neutral scalar masses are not too heavy) where
the m
t
-dependent terms multiply sec
2
2.
At this point, a few words about the theoretical uncertainties in this process are




to a lower momentum scale (  m
b
) by
the QCD renormalization group analysis involves a signicant theoretical uncertainty
regarding a precise choice of  at which 
S
is to be determined. The SM branching ratio
for a leading log calculation is quoted as B
SM
(b! s) = (2:8 0:8) 10
 4
[14] where
the error comes mainly from the uncertainty of  in the range m
b
=2 <  < 2m
b
. We








= 180 GeV. Recently a part of
the next-to-leading order QCD corrections has been estimated with a consequence of
reducing the QCD enhancement in the SM yielding B
SM
(b! s) = (1:9 0:5) 10
 4
[15].
In conclusion: we have investigated the parameter space of the LRM in the context
of b! s. Dierent sectors of the LRM contributing to this process have been added
coherently. We have included the eect of the avour-violating neutral scalars, which
was missing in the previous analyses. Upon imposition of the CLEO measurement of
the inclusive b ! s rate, the lower limit of the charged Higgs mass is pushed up to
several hundred GeV even for a small value of jj. Although there are lots of parameters
in the LRM which can conspire, leading to cancellations and reducing the power of
prediction in this model, still a reduction of errors in the inclusive b! s measurement
at CLEO, a more precise determination of the top-quark mass and, indeed, a better
understanding of the next-to-leading order QCD corrections will all serve to constrain
the parameter space even more strongly.
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values of  in the LRM. The value of m
t








has been set to 300 GeV. The SM line relies on leading log QCD calculation at  = m
b
.
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Figure 3: The variation due to m
t
is exhibited by showing how the line curve for
 =  10

(say) in Fig. 1 becomes a band (hatched). The SM line for  = m
b
also
becomes a band (horizontal hatched strip within the shaded area) due to the same
eect. The shaded area is the experimentally allowed region at 95% C.L. [3].
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